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2To Sequence Where No One 
Has Sequenced Before
OUTLINE
• Why sequence in space?




• Genes in Space-3
• BEST
Why Molecular Biology in Space? 
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• Operational environmental monitoring 
• Identification of contaminating microbes
• Infectious disease diagnosis








• Response to countermeasures 
• Radiation
• Real-time analysis can influence medical intervention
• Support astrobiology science investigations 
• Technology superiorly suited to in situ nucleic acid-based life detection
• Functional testing for integration into robotics for extra-planetary 
exploration mission





Changes in the 
genome? 
Changes in gene 
expression? 
Microbial Monitoring on the ISS
SSK - Surface Sampling Kit MAS – Microbial Air Sampler
EHS Water Kit – Environmental 
Health Systems Water Kit 
2016: The Molecular Space Age
April 19: The first 
molecular biology assay in 
space is completed, as DNA 












MinION by Oxford 
Nanopore Technologies
• The first device to assess the 
capability of DNA and RNA 
sequencing in the microgravity 
environment of space
• Capable of DNA, RNA, and protein 
sequencing
• First launched July 18, 2016 
(SpaceX-9) 
Nanopore-based sequencers measure changes in current caused by DNA 
strands migrating through the pore. The changes in current are characteristic 
of the sequence of migrating DNA. 
Biomolecule Sequencer 
On orbit operations: 
August 26, 2016 
September 3, 2016 
September 7, 2016 
September 13, 2016 
October 18, 2016 
October 25, 2016 




“Welcome to systems biology 
in space.” 
Astronaut Kate Rubins, Ph.D.
Biomolecule Sequencer 
Castro-Wallace et al. https://www.nature.com/articles/s41598-017-18364-0
• No decrease in sequencing 
performance 
• Over 284,000 reads were 
generated on the ISS 
• Directed genome assemblies of: 
• Bacteriophage lambda
• E. coli
• Mouse mitochondrial genome
• de novo genome assemblies of: 
• Bacteriophage lambda
• E. coli
• Demonstrated flow cell reuse and 
shelf-life stability to at least 6 
months in space ~280,000 reads on orbit 
~130,000 reads on ground
Kit Flow cell
SQK-MAP-006 R7.3
The Need for Sample Prep
NASA Extreme Environments Mission Operations 
(NEEMO)
The Need for Sample Prep
Illumina MiSeq Oxford Nanopore Technologies MinION
Culture-independent microbial profiling: NEEMO 21 & 22
Genes in Space-3
(NASA/Boeing Collaboration)
Sequence data downlinked 
to Earth 
• A series of 
controlled 
experiments testing 
key steps of the 
DNA preparation 
process




samples from the 
ISS
• Genes in Space-3 




~328,000 reads on orbit 




Percentage of reads assigned to ZymoBIOMICS
Microbial Community DNA Standard 
Genes in Space-3
(NASA/Boeing Collaboration)
Astronaut Peggy Whitson collecting microbial cells from an 

























Return sample processed through normal procedures in the Microbiology Lab: 
Success! The sequence 
data from Station 
matched the 
identifications obtained 
on the ground. 
History made!
Data obtained in flight downlinked to the ground for analysis:






(Biomolecule Extraction and Sequencing Technology)
• Consumables launched on OA-9 
• 3 separate experiments
• Swab-to-sequencer 
• Cellular evolution 
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*Columbus Module: Air Return Grid







detailed by the NASA 
Microbiology Laboratory’s final 
report
*Sampling of this location occurred on different dates
What's Next? 
• ~200 ISS swabs to be processed
• ~200 more ISS swabs to be collected (same locations 6 – 8 months later)
• How does this compare to our historical culture-based data?
• Risk assessment 
• What does this data tell us about the microbiome of ISS? 
• Culture vs Swab-to-Sequencer ground study
• Bacterial + Fungal analysis





• Microbial long-term evolution in response to the spaceflight environment 
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